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jEJTRODUCTION 

This report describes brief ly some .o^ the main findings that 
have.come^out of -a progjcam of research at The Johns Hopkins University 
on ^man factors in teleconimuniQa^ions and teleconferencing systeDj^. 
It has always been my policy to publish our res^rch findings in the ^ 
open pejriodical literatxzre so that they are readily and freely available 
through ordinary library facilities to all interested persons.. For that 
reason, it would be redundant to give in- this. report *a complete summary 
of. all ' the/findings that have come out of my research program. One' 
important function of this report is, rather, to provide a complete 
bibliography of all- the studies we have published so far* as a convenience 
For those readers who are' interested in this area of research/ 

• • ' ■ ' ^ ^ > 

A research program In any established laboratory is a continupus 
process that\'cannot be' segmented into independent and autonomous units^-^. 
Nor can individual research studies always be 'terminated to correspond ; 
exactly to^ administrative, or budgetary time units. Although the pro-^/: ' 
gram- of research at Johns Hopkins has gradually shifted emphases /i 
throughout its existence, it is, nonetheless, a continuous process. ^\ 
The findings summarized in this_report are for those projects that have 
been ' completed , and -that have been published in the 6pen literature on 
^the termiTiiation daXe o£, this research grant — 30 November 1976. This, 
report does not covfer^ research studies in various stages of completiotf, * 
or reports in various^ages of publl^tion, on that termination date^ ■ 

This research program^ has produt^r^an extremely rich series of r 
findings that could not. be^ully coverfe'd'.in a report such as this one. 
Details of findings are a^^^W-able in the ;published literature. ^Rather, 

^th±s report extracts some of the most interesting findings 'of ^:he several 
sj£^^es referred to here, and integrates those findings into a series ' 

-^fn-JISr^daider generalizations". > 

. In discussing the findings of the Hopkins research program, I do 
not mean to suggest that^ it is the only one that has been .concerned 
with these j>rpblems. A great d^l of very good^work on person-to-person 
communicatidh, and on human f actors in 'telecommunications, has been 
done in other laboratories. . Prominent^ among them ar^ the Communications 
Studies Group at University College. London,. Bell Laboratories in the 
United .States, Car let on University in Canada, and. Bell Northern Research 
in Cana'da. /While acknowledging ' the fine woi^k of: those other laboratories, 
this report is frankly what it says, a report of work done at Hopkins. 



y ■■ ■ v.- ■ . . 

Pia^ose of thS' Hopkins Program \ 

-The goals of the- Hopkins program are to discover (a) hox^eople 
. naturally communicate with each other when, they are require^ t6 soIvIb 
problems,, of ' various' kinds, (b) hbw interactive human communication iis 
affected by the machine devices and systems through which people converjgs 
»and (cy what .significant system and' human variables affect interactive 
communication'^ " / . • • . . 

? ' ' . . • ' ' ^ / ■ . * . * ' - ■ . ' 

All the research conducted ^in the fiopkins program has been djpne 
by having people communicate with"^ one another in various ways. Since 
they originate from basic -J.abpratory research, the findings ar^ hope- 
fully relevant to several a^eas of application. ' Foremost among these' 
areas <»of- application is' the design and, use of telecommunication and 
teleconferencing systems. The* findings are, hpwever, only slightly, * 

- less relevant to iifteractive maij-computer systems. And, finally^, our^. 

^ data have scMpae bearing on thie conduct. of face-to-face meetings and 
' conferences . r Tha purpose of the Ho'pkins program, however, has' beei^ to 
product .basic-^d^^«^,about Jiuman- interactive communication and "not to 
concern itself ;(i^^ctly with^ specif ic areas of application. * 

Reports ^^^d^tud£es Cohered /V " . '\ ' ' 

•-^ AttBgether^ nine, separate experiments have been cpmpleted, 
analyzed, and r^pSrted^ from -this program. - They have resulted in * 
thirteen, publications, a comp-let^ list of which- appears at the end 
of -;this reporp. -/ ^ . • 

i ^ ' ' ■■ ^ ■ . ■ ^ ^ ' ■ . - . ' 

' . INl^EACTIVE TELECOMMUNICATION DEFINED 

^ In communication research ir is important' to make a distinction 

.between interactive and unidirectional communication* For years 
psychologists and mother 'scientists. ha^ been concerned with the effec- ' 
. tiveriess of unidirectional modes of communication, such as highway. 
/ signs, books, lectures, and television broadcasts. In unidirectional 
communiqation, the person to whom a mess'^ge is addressed is a passive 
recipient of information . Nothing that he does or says affects the 
communitator, the fcommunication process, or the content, of a message. « 

■ -t ■ ' . • ^ --^ V ■ 

in interactive communication, by contrast, th^ participants are 
/both senders and receivers of information. Communicators, the^ commu- 
Hnication procfess, and the contents of messages can be, and usually 
//are, affected by all the participants. Conferences, arguments, seminars, 
■ // teLeplione conversations, and man-computer dialogs are examples of/ 

/ /r^nteractive communication. This paper is entirely concerned wi^^ 
'I'l' .interactive communication. * ' 
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Telecoannunication merans sfmply connnuni'cation "^t a distance^ " ' 
•Although our interest is primarily in 't^iecoinmunication,v.I shall have . ^ , 
a great deal to say about. £ace--td-f ace connnQnication because it is the 
standard^ against which the effectiveness of piechanically- . or electronically 
-mediated communications' are usually compared. ' * . 

. . tHE RESEARCH SETTING AND LABORATORY ' ' . -* 

* * ' ■ . ■ - r 

^^Jr^^^ considering modes of communication it is interesting to ask 
f'iirsl^^hat human skills are used naturally in person— to— person commuhi-^ 
cation. The li^t 'is surprisingly short. Everyone/ even the inartioulate 
and dumb,- can convey information by body movementsr-postufes, gestures, 
and facial express^ions. Virtually everyone can speak one 6f the natural 
languages-rperbaps not gr amma tically, but fluently. A majority of people * 
have atL-least sotae elementary level of competence ia^ x?riting. Finally, 
a respectable number of people- know h6w to type and. even some people ' 
without typing experience seem to*;be able to approach the keyboard and 
peck out acc^tabl^esgages. But these few different kinds, of skills 
exhaust the list. - •* *- ... - , 

. : ' ' . ' ' . ' s 

Our experiments have tested four different channels >pf communication 
that are the mechSiiical or electi;onic counterparts "of the four forms V 
of natural human communication that I have just described. The four, 
channels are video ^he picture part 'of television without the voiceO,. 
voice, handwriting, and typewriting. Three of the four basic channels 
have been tested singly, and all o^ them have been tested iri^.various 
combinations. T^^ individual channels or combination^ of them are 
♦^ref erred to coll^gjiively as modes; We^ have tested as many as ten dif- 
ferent modes in a single experiment, (Ochsman & Chapanis,' 1974). Jas a / , ^ ^ 
standard of comparison we typically^ rely on normal unre^ricited, .face- 
to-face communication, whicK for several reasons,' we have "^called, a - - 
communication-ri<in mode. . ' " 

• .... - > . - j r ■ ■ •, .v:^-. 

The ^laboratory" in which most of our experiments have beeir^4<ne 
consisted, o.f two adjoining rooms connected /by a soundproofed <J^^iLe 
door (Figure 1). The wall be^een^ the rooms also had in. It .a/ laf'ge - 
double-glass panel, which could be covered ydth an . opaque- screen so 
that the -persons in each of the rooms could no t ^ see ,each^ other. When; 



the panel was not covere<f, the participants could' see ; each ^ther andC* ^ 
could converse freely through a microphone and loudspeaker/ even though 
.they were^ separated physically. In some of our experiment's,, subjects ; 
have actually been face-to-face, or side by side, iii . t became ^ rogm. ^ 



Figure 1 shows teletypewriting and telautograph m^ch'^es. Thfi-se 
machines aife linked in such a way that anything . typewritten or written 
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±n longhand on a machine, in one rooBt-fs simultaneously S:eproduc;pd on 
t^ie other. Video cameras and monitors enable us to duplicate closed-/ 
circuit television or to use either the video, or audio channels 
separately. - ' > ' ^ ^. 



> For one of . the experiments -discussed in this report (Krueger, 1976), 
'we used four adjacen t la boratoi^y rooms in the P^chology Depai-t^ent " 
(Figure 2) for tests TS^ the -televbice and teletype communicattDiT modes, 
and a j^oom (Figure 3) built especially for conf^i;^ce research in the 
Department of Social Relations at The Johns Hopkins Univers^ity for con- 
ferences, of 2/3, or 4 persons. - ^ • . ^ 

■ . • • » - 

About a year a^b, we estpande^d and redesigned our laboratories as 
shown in Figure 4. Jhe new arrangement permits us- po test as many as 
four persons in as many different rooms. Communication facilities among 
the Tohms allow all persons to communicate with all -others, or allow ^ 
^nly certaiti ^communication links to be. used.* . * 

' * ' ^ , . Problems . ^1 

In our research we have tested two main kinds of problems: co- 
operatiye and conflictive* Altogether we have compiled and tested nearly 
20 different, problems of both kinds* , . . *. 

Cooperative Problems ' \" f^.- • . 

. ■ . ' ' / > . ■ ' -"^ 

Our- cooperative problems have be'en carefully chpseil.to meet several^ 
important criteria: • ^ ' ^ ' . " 

^^(1) The set of problems samples aVwide range of psychological 
abilities. For example, some problems are entirely 
clerical paper-and-pencil tasks^ some involve mechanical 
manipulation, others require careful attention to detail, 
and^others ma'ke use of still- other psychological skills. " 

(2) The problems are representative of tasks that are, the \ 
subject of interactive conferences or meetings, or that ' 
might be addressed in such meetings. 



♦.,^(3) They are of recognizable and prarctical importance in' every- 
V - day life?— they are not abstract. or artificial problems of 
the tjrpe often constructed to measure hypothetical^ psy- 
chological processes. . . ■ 
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(4) ' They have definite, recognizable solutions and the solutions 
can be reached within approximate:}.y an hour. ' 
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Figure 3-. The conference room used in one of our experiments . 
(From Kruegerj, 1976) • ■ . • 
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Figure 4, The^new corrmmiQation ldboi?at6ry at Johns -Hovkins. 
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- • . \ . • . - - - " . ' ■ • . . V 

^ . (5)/ Tliey^ require specialized skills or 4^^S:^^^^ 

. * ^ ^ -knowledge- vf or -their* solution; ^ - > . . 

!. - • ■ / ^Tbey?;are f ftrmu'late^-in such^a-way that their solutions require*. 
/ - ' . ' ^'thfe-ef^rts of two ^tidlviduais working' together as' a team. 
' /L , * ;This .is" doAe bjr deliberately^ structuring -the problems ;5o'^ 
-* - . > ea<±L member of-a t^eam receives complementary ^information^ 

, ' . f bii-osv - diie^metiibW of the^ t^m, 'the seeker , is giv^ a, ivrdb-r ^ 
' ; ' V V'.lem for which he has to find a solution. His: information • 
..folio consists of ' certain parts of the problem. The other 
; jt ^iiember of the team, t^he source,* ha^ a folj^o with the remainder 
^ information needed to solve the problem. Therefore, 

-^S ■ yhile neither perspn can solve the problem by himself the . 
; ^ - ^ - two » of them have all ^ the information necessairy to do so. • 

■ The brief descriptions of seven of our cooperative problems below 
•will-convey some idea of their content, diversity, and f lavorV >■ 

sT?* - (H^a soheduting problem^ The seeker is given a list of four 
college courses which have to be arranged into a workable schedule 
within specified time constraints, such as' commuting schedules.. The 
source has a 97-page booklet listing the complete time schedule for 

; courses at the , University of Maryland. The courses and constraints 

are such that there is only a single correct solution. 
■ ■ . ' . ■ . • • ' \ . - * \ - \ '■' ^ ■ ■ 

Informcvtlon Tetjn^at ppohler^. The'^eeker's task in this probljem 
is to "prepare a bibliography of newspaprer /articles, relevant to a "parti- 
cular topic, for example, ehe threat to individual privacy that would 
be posed by a United States liata Center based on a computerized in- 
formation retrieval sysJm.'^^The source is given the TSew lovk Times- 
Indea: for 1967, from which ifae citations are obtained to compile the 
bibliography. . . 

Peart ^ideh-Hfiaaiidn problem. * In thi^.jproblem, the seeker is given 
a small pilot light socket (Figure 5), and is^ told to imagine that it is 
defective. His task is, to ohtalji an identical replacement socket from 
^ the source. The source 's*;^^ folio consists o^f an inventory of 

65 pilot li^t sockets (Figure -6K ,:^Although all 65 are similar in 
many ways, each differs from all -tte others in one or more respects, e.g 
in the kiiifi of base (bayonet vs* screw) y size 0/8 in, vs. 1/2 in. vs. 
3/4 in.), and material (metal vs. bakelite). One and only one socket 
in the source's inventory matches the seeker's. The seeker is initially 
unaware of the extent or diversity of the source's inventory and so the 
two participants must exchange information in order to discover tlie . 
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^igT^e 6. The set of llght(soa'kets given the soicpce at the si, 
df the dboeat identifioatiop problem. ■ 



relevant featuTes. ' The problem is complete -when the seeker has the 
replacement socket in his possession. - . ^ 

L Fault- findihg p2K?blem. The seekc^ in this problem has to test_ 
a mock-up of .an automobile, ignition system using a commercially available 
autb analyzer. ' The mock-up of the ignition system .is constructed of 
genuine, automobile parts. The.sourc^e has a booklet with a description 
of the auto -ahaly^r "and detailed instructions for using the analyzer 
in making a varietyCaf tests. The problem is completed >?hen the seeker, 
with £[ie aid of infciriiation supplied by the source, has performed all 
the necessary tests and has identified the defects that are built 
into the mock-up. ; 

Catalog ordering problem.' The seeker's task in this problem 
is to' select furniture witix which to furnish an office. He is given ' 
a sum «f money- and is told to spend as much of . it "as possible in pur- 
- chasing the- five specified items: a desk,- chair, ^ile cabinet, iraste 
basket, and bookcase. The source is given a mail order catalog which ~ 
contains various selections of these items.- To insure a ^unique solution., 
certain items in .the%:atalog are marked "out of stock" or "discontinued. 

Equ'ipment-as.sembly problem.-. In this problem^, the seeker'.s. j ob- 
is to assemble a common household article, a trash can Carrier. His 
information folio consists of all the disassembled parts of that article, 
-iust as it is received from the catalog order house from which it was - 
purchased. To provide easy access akd identification^ the parts. are 
hung in a standard arrangement on a pegboard panel. Although the ^ . 

■' assinbled, device is large (approximately 61 X .91 X 122 cm in overall . 

k dimensions), it is constructed of ligji^-weight aluminum tubular pieces • 

' "that can be easiiy handled by -a single person. A screwdriver, pair of 
fpiiers, and a mallet are provided. The source's information folio 

JconSists of a set of drawings and assembly instructions exactly as pro- 
vid^4,by the company from which the item liad been purchased. 

' ^d^ograph-io orientation problem. In this problem, the seeker's ^ 
task is to find the office or residence address of a physician closest 
to a hypothetical home address in Washington, B.C. The home address 
had been carefully chosen so as to provide an unambiguous, unique 
solution tb the p-cublem. The seeker is supplied with an index of streets 
a skidded street map of Washington, and a card on which the home address- 
« is typed. The"^fi£OTe address is also marked on the map. The source is 
suprf.ied with one page^of physicia^' listings from the classified^^. .. 
advertising (yellow) pages of the Washington, D.C. telephone directory . 
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Coftfliaiiv^ ProhZerns ./ / , , 

^>Our conf lictive pr3blems are structured to provide a setting for 
argumentative discourse among coinmuiiicators. The topical matter for 
discussion is chosen to-be relevant to the subjject population, yet is 
sufficiently general in nature that none of the participants. is likely 
to have an inherent advantage by yirtue of specialized experience • 
The problems '^re also designed to be. used^ and they have been used, 
with groups of . more than two pers«)ns. Since there are no unique solutions 
to the problems?, the subjects "are left t6 debate. the merits of "alter^, 
native solutions In meeting certain cr±teria, and are required to arrive 
at a consensus or . agreement/ An example of each of two different, kinds 
of conf lictive problem follows: 

- . _ \ ^ . . • - ■ ■ - 

Rational isszces problem.^ The participants ar^ asked to rank 
order the ten most important issues facing' the United States today*.. An 
additional requirement ^is that ; the participants must order the 

issues, not* as they think abdut them privately, but .as they t'hink ^t6e 
'average undergraduate student had ranked them' in a prior survey. "The 
purposes of the ^latter requirement are to provide (a) an additional > 
basis for argumentation, and (b) a basis -for* estimating the '^goodness"- 
-of the solutitxns. - ' ^ • ' " * . - 



' Budget-Tzegotiatt.on problem. We .have s^veral variations of a^ 
budget-negotiation problem. The following describes one that seems to 
generate a considerable amount of interest among our undergraduate ' 
students!* The subjects afe'^pld ^that the^Universit^ Director of | 
Athletics must 'reduce expenses in a number of different areas of expen- 
diture, foij example, uniforms and equiptQ:knt, athletic scholarships and^.. 
travel. The subjects' are cast* in the role of captains- of various teams, > 
for example, football and lacrosse, and they have to agree on the areas 
in which budget fcuts x^ll- be made. The payoffs for the different sub-^ 
jects are different so that a cut in expenditure for transportation *f or 
the football team is not^ equivalent to that for • the , lacrosse team. Each 
subject knows his own^ p.ayoff structure but^^ot that of the other parti- 
cipants. Each subject's goal is to mini^fiize the losses to his side,^ 
that is, his tfeam, atid each sub ject ' s • pa5nnent for participation in the 
experiment ^is reducedv ill proportion to the. losses he sustains 
from the mutually-agreed upon solution to the problem. ^ ^ > * 



• OTHER EXPERIMENTAL. CONDITIONS 



\ 



Without elaborating in Retail, our experiments have been done on 
three different populations: - - 
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High school^ boys, higJi school girls, and; college students at Joha^ 
Hopkins: In some cases, subjects have -been selected ;f op particular / 
intellectual abilities. ' 



Most of our experiment^ have been done with tTwo participants* 
One, however, has' been done xo.th as many as f our . 'subjects • All our 
experiments have tested at least two different problems. In four 
experiments, subjects!, have been tested on as, many as four successive 
days. * ' - y 

RESULTS • / ' 



Our results have been so numerpxis that it is impossible to susDr- 
marize them all here. ^Rather t shall discuss ' some of the more salient 
findings, particularly ^s they seem to hear on the problem of tele-, 
communication. 



CoTrmmi^Qiiqn by Voice is Fast- 



One of the strongest generalizations emerging frorn^ -our research _ 
is that: ' ' ■ ^ ■ ' ^ 

1. ■ Pi^obZems^crpe soZved 'signifiaantZy faster in aqrnmuni'aatiim 
' " modes thhii^lTm^e a voioe alnnmj^'V than in those that do riot7>^ 

Thisjf inding^ is a consistent one that has come- u^ in every one of "^the 
six j&xperiments in which this comparison, was tested (Chapanis et al.., 
19>2; Chapanis & Overbey, 1974; iCrueger,\^1976; Ochsman & Chapanis, 1974; 
. Weeks ; & Chayanis, 1976; .and Weeks et^al.', 19-74) r Data from the first 
experiment in which this. finding appeared aire shown in Figur-e 7 (See , 
also Figures 9 and 10).. Even more interesting are the data in Figure 8 , 
whi^h. compared 10 different communication modes.. .There is only one T 
statistically significant effect for t^ie data ;in Figure 8. The five 
modes on the left are significantly faster than the five-^opXthe right.— 
The one thing that disfiriguishes ^ the two groups is that the five modes 
.ourthe left all have ^ voice channel. Those on the right do not. 

^ The finding that people can talk faster than they can write or 
typewrit^, and^sp can solve problems faster when they can talk, is 
. -not in itself particularly startling. However^, these findings become ^ 
more interesting when they are elabarated in the Mght of others below. 

■ ■ ' ' \ ■ ' " . / ' • ■ . - - . . - ■ 

^ Face-to-Faoe Versus Voi^ce Cormunication . 

-v ; _ _ , . ; ■ • • . ■■ ; ■ " .■ ■ \ ■ " . . >. 

A second, strong generalization is thatV ' : 
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. 2* • Both, cooperative and conflioiioe jpTohtems oPe solved 

about equalVy fast in voice-only modes of coTrmunication} . 
. : ■ * as in faSie-to-^ace communicatidn. " ■ • , ' . 

This finding came as a surprise to us initially but we have found it 
in^no less than four jlifferent Experiments' (Chapanis et al., 1972; ' j? 

* Krueger, 1976; Ochsman & Chapanis, a974; and.Wefeks & Chapanis, 1976).'.' . 

^ The data in^.Eigures 7 and 8 show that the voice-only modes of* comniu- x 
nication are a little slower than face-to-fa'ce communication in .those 

. two. experiments. In neither .case, however,, is "the difference sta- 

' 4-stically significant?. In one' very large experimmt, the data came 
out the reverse, that is; voice only was faster' than face-to-face 
communication (Figure 9) . ^ ,Once again, however', * this particular dif- . 
fererice is not statistically significant. Contrary to what one might 
expect,, being able to see the person (s)' with 'whom one is coiomunicating 
does not appear 'to be, of any substantial advantage in solving 4:lie kinds 
of problems we have tested. " , V ^ , ' 

Skilled VersziS '-Ui^illed 1^ ^ ■ ' - 'J^ 

Of particular interest to computer conferencing and to man-computer 
interactions is that: ' ' " ^ 

v3- ■ raping skill does not appear to he a significant factor in 
, the kind of communication iDith which we are concerned. ■■ 
* ' ' ■ . • . . ■ . ' 

Thi^ finding appeared in our first experiment (Figure 7) in which we - 
tfisted a group of high-school boys who had completed a one-year .course 
in typing and another grpup without^'any formal^ typing education. As 
is apparent from Figure 7 the difference between the perf ormafice .of 
the two groups was trivial. This finding' was so unexpected that we 
tested it. in another more elaborate experiment with a completely dif- 
ferent set of subjects (Weeks et al., 1974). The essential findings 
of that experiment ^re shown in Figure lOw: The skilled typists -solved 
problems- about nine minutes- faster than 'did . the unskilled tjrpists in 
the -typewriting mode. However, the skilled t3^ists were vety^ nearly 
that much faster than their unskilled counterparts in the communication- 
rich (face-to- face) mode as well; . So, although the skilled ty^Jists seem 
to have been able to solve these problems somewhat faster, there is no 
evidence whatsoever in these data that tjrping skill per se gave the 
skilled typists any dif f erent^^al advantage. , ^ 

• The apparently counterintuitive f iif<iing--tha£^;.jt^ skill does 

not significantly aid interactive •communication via*^ typewriters can be 
explained by three additional considerations: (a) Activity sampling 
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• COMMUNJGATION MODE 

Figupe 9. Mean times to arrive at conseriBus agreerr^nts .iri three 
aommunicaplbn modes. Each bar is an average for three groups y each 
of which worked at a different task on each of tkree successive days. 
Each set of three groups was made Kp of a 2-per.son^ a S-person^ and 
a-4-perBon group. (From Kruegerj 1976) 
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Figure. 10\ Mean times to solve problems by. pairs of , skilled and ' \ 
unskilled typists each of which solved problems in bommunication. 
modes. Each bar is an average for four groups each of which solved \ 
a ^different problem on each of two different days. The 'segments of \ 
the bars show the average amounts of 'time subjects ""spent in each of \ 
nine activities. (From Weeks Kelly & Ckapanisy 1974) 



^ • ■ 

data on how subjects actxially. spent their 'time (Figures 10 ai|d 11) 
show that only about one-third of the total problem-solving time 
is spent in sending, . that is, in typing. This means that any po- ^ 
tentidl advantage* a subject might have due to typing skill would be 
operatiLng only one-third of the time. (b) Typing skill is ^p?!|;ally 
measured by the speed and accuracy with which^typists copy^preiJared 
text. These ^communication sitxJations, by contrast, regiiire "a great 
deal- of planning and decision-making as subjects decltdCwh^t to say 
and there compose their messages^ at the -typewriter. Typing skill d6es 
not li^ve very Imich to do with that kind^ of pj;3nningvarid de'cisloxj^making. 
(c) Normal human communication is naturally full of all kinds of errors 
and human communicators are* quite adept at reading tlirougK -those errors. 
Accurately typed* material is not very important for normal, interactive 
communicaticm, ^- 

Vevhal Output ' ... ,^ ■ ,^ ■ , " ^ . ^ ^, ' , ■ 

Another strong finding from a number of our experiments is that : 



4. \Modes of oarrmmicati^on that hccoe a voice ahanneZ are- much 
. wardCer than those that do not have a iM^i^ae ohartnet. 

This generalization holds no matter how one measures wordiness, or verbal 
output!. Figure 12 shows the nimber of words communiji^ted in the four 
modes tested |in oiir first experiment. These data match those in the 
same experiment for which Figure .7 gives times to solution. Considering 
that; problems are solved about twice as fast in .the voice modes as in 
the hardrcopy (handwriting and typewriting) modes, the data in Figure 12 
become all the more impressive (See also Figure 14) . Figure .13 shows 
communication urates from the same experiment. . These were computed by 
dividing the ^limber of words used bjf each subject by the actuaL amount 
of tiiae he spent communicating. / ^ ^ 

Faae-^to^Face CorrmiprLcation Versv3 Communication by^ Voice Only 

^ ■' - . . ' 

A small, but consistent" finding that has turned up i:epeatedly . 

in our work is that : ^ - 

• •* • 

'• 5. Faae-to- face' communication • is wordier than corrmmication 
"c: • by voice only. ^ ■■'^ \ ' 

Data for this generalization appear in Figures 12 and 13. '"The differences 
between the cpmmunication-r^ch* (face-to-face) and voice only dat^ in 
these' two figures are not statistically significant and one might be 
inclined,, therefore, to attribute them to chance -Vjariations. However, 
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Fi^e 12. data of Figure 10 are here veplotted as percentages 

of tne petal time. (From Weeks 'etal.j 1974) ' . , 
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Figure 12. - Mean nurriber-^of words used 'in^the solution of problems in 
each of foiip corrmtmication modes- These dqta and those in Figure 7 . 
O / are from the. same experiment.' >(From Chapanis et. ai\^^19?2) - . '\ 
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Figure 13. ' CoTrmunication rates in the solution of ■pvohZeni^ in each 
of fata* communication modes. These data and those in Figures 7 and 
12 are from the same expem^ent.^ (From Chapanis et aZ.^ 1972) 
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the finding has turned' up in" all four experiments • in which, there has 
b€!en a comparison of the v.erbal output in face-to^tace and voice only 
modes. Figure 14, *^£or example^ shows another and much greater difference 
, than we found in our earlier work. Being able to gesl;ure and use body 
movements to convey information actually seems to increase the nimiber 
of words communicators use. j . ' 

Vex'baZ Output Independent of Mode of Corrmmiaation ^ - " . 

An interesting finding that has turned up in our experiments bears 
on the stability of the verbal* output in the several .modes.- It is: 

- 6> ^ iTia nurnbev of ;Wprds used by a oornmunicator is a function 
* •• - * ■ of the aomtunidktion channet and' that nimiber' is not in- 
fVuenced by the ckarp^eV^availcLbte to^his partner. 

Data supporting this stateanent are shown in Figure^ 15. The left-most 
pair of bars gives data for a si'tuation in which both* the seeker and 
source bad a voice channel. The second pair of bars is for a condition 
in which the seeker ha^^^oice channel, but the source could communi- 
cate'pnly by t3rpewriter. The third pair of bars is for the reverse 
situation: the seeker could communicate only by typewriter, „ while the . 
source ,bad a voice channel.- The right-most pair of bars is for the con- 
dition in which both persons could^ommiinicate only by type^a^er. ' 

When both communicators had a voice channel (lef,t-most pair ^ 
of bars),* the source xised more words fhan did the\^eeker* (See ^he ^ 
filled bar). When the source had a voice channel and ^' ^ seeker a 
typewriter channel (third pair "of bars),^ the average number of words 
used by the source was almost identical to the nimiber used by^ sources S 
in the voice— voice condition. Similarly, the n.umbers of words used by 
seekers was almost identical when, they communicated by voice, irrespec- 
tive of whether the source had a voice chatmel or a typewriter channel 
(compare the open bars in the first and second pairs). -Similar findings 
apg^ to the data for the typewriter, channels. To sum up, the number 
of^ords used by a communicator is a function of the chaimei available 
tb.lietm and is not influenced by the channel available to* his partner. 



Interrupt Capability ^ 

in one experiment we. tested the effects '^of giving communicators 
the freedom to interrupt their partners* The findings of that study 
support the conclusion that: i ' 
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agreements in three communication modes. These datcp and ' those in 
■ Fz^e - -9 are from the same- experiment. J^rom Krueger^ 1976)- \ 
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of four different problems on one of fow^ different days. (From., 
■Chapanis & -Overbey^ • 1974} . 
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'7. Giving aorrmmicators ihe f^ to interrupt has .no 

.; 'effect on problem so. tution time or on the mariber of. 
words lised. / Words 

When eommunioators hdve the freedom to interrupt^ they 
• . . . "use more messages OTid mes^^ When com- . . ■ 

: rmmicators do not Tjiave the freedom] to interrupt^ they . - ^ 
- use fewer message^;, and messages ^ are longer. . . . ^. • *. 

Data supporting these conclusions are given in Figures 16 and 17. In 
the free interchange condition:,^ a* communicator could interrupt his 
partner at any time and" take control of a voice channel^ , or a type- 
writer channel. In the restricted interchange condition, a communi- , 
cat or had to wait until his partner had finished talking, or typing, • 
and had released the channel to him. 'The data in the two figures are 
almost mirror images of one another. When the two sets of data are 
'multiplied togethery:;they yield essentially' equal numbers of words. 

'Control over Communication, Channels ' • " ^ ^ 

V In one experiment we gave subjects- two button^. When a subject 
, pressed one button, he relinquished control of the communication system 
to his partner. When a subject pushed the other button, he took con- 
trol *away from his partner, even if the partner 'was in the " process of 
communicating. The findings "of this ejcperiment suggest that: ' 

:Co^^ tikeiy to take contrdl of a 

' . ^ ' r ccmmmi^at^^ Cthat is^ iorinteri^t) if the/ 

r^-- : '^y'^^^A'^^f^'^<^* chan7^V.^r S2^^eci^:?vpli(ntar,iZ • • - 

./.l'^ ' linquish control of a system dbout aS^^ they'''^^^^ 
; / take control if the system has 'only hard-copy charmels ^ 

i ' of communication'. . . ^ . 

'• ■ ^ ■ / ' ■* : ■ • ' . .V, ' .. ■ .■ ■ **; . ■ t . ' '...V ' ' ■ ";- ' 

Data supporting this finding appear in'Figure 18. Note that in. eve^' 
one of the five pairs of bar.s on the left, sub j ects, took control ^bf the', 
co m r m m i ca tj-on sjrstem much* more often than they relinquished control. 
All five of those 'communication systems have a- voice channel. By con.- 
trast> the five pairs, of bars on ^the right are about equally high. ' * ' 
Ti;3iose five pairs of s bars are -for communication modes tl^at do not have 
a voice channel. 

TiriTe Spent in^ . . .■ - 

> In seven of our experiments CChapanls. et al., 1972; Chapanis & 
Overbey, 1974; Kelly, 1976; Ochsman & Chap^is', 1974;' Parrish, 1974; 
Weeks & Chapanis, 1976;. Weeks et al., 1974) we used activity sampling 
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• ■ .- 5*^^ }/' .itean-monbers of messages exchanged imder acndiiions of- 
. . • t:^e oTui vest^ated iritevohcmge. iSaah bap U an average of 64 ' " 
observatzcns. Bight, two-person teams each solved four diffeTent 

^ -t-Zlustrated Fvgicre 15. ( Chapanis & Overbey, 19?4) '■' 
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procedures to record what subjects were actually doing in the problem 
solving sessions. The findings of those experiments lead us to con- 
clude that: ^. * • 

9. In^ tasks requiring the exchange of factual information 
solve problewe^ only about half a aormuniaator^s time 
• is spent in actual commicniaationj, that is ^in sending 
or receiving information. The rest 'of thej time is spent 
in doing other things for example:, making notes ^ handling^ . 
■ parts^ or searching for information. When the tasJai^ 
involves the exchange^ of opinions and urgumentationj as 
much , as 75 percent of a person 's time may be spent com- 
municating.'^ However^,- a'^\Zeast 25^ percent of a communicator 's 
' . ^ time is still spen:p-in other activities^ for example^ making 

notes and. searching:.^ for infoririati 

In our*^ first experiment, we recorded behavior in each of 15 different 
categoirles. ' The data are shown inFigures5.9 and 20. Perhaps the most • 
impressive thing about both figures is that in four of the five bars 
the behavior consuming the largest single amount (or percentage) of time 
was:^cpething other than sending (that is, communicating). Only in the 
case of the inexperienced typists did sending take up; the greatest ' . 
amount; , or percentage,* of time. In this experiment , one problem 'j 
solving task required subjects: to assemble a' tra^h can toterV.the other^ 
to find a particular address on a street map of Washington, D.C. from 
telephone 'directory information. These are tasks requiring the use 
"Hdf pieces of eqiiipment , or pieces of paper. 

" . { . . , ' ' ^ ■ • 

." . ^ ■ . 

Our conflictive problems, for example, the. national issue-ranking 
problem, are quite different in that there is no supplementary material 
required to arrive at agreement / Pieces of paper are typically, used, 
however, to jot down notes. M^nly the communicators are required to 
voice their opinions and" to argue the merits of their respective positions 
Under these circumstances, the proportion of time spent commmnicating 
increases and it has gone as high as 75 percent. Even so, 25 percent 
or more of Va^ypical communicator's time is spent invother activities, 
f-or example, ^fcaking notes, searching for information, or waiting. Data 
to support the^e findings are not given here, but may be found in Weeks" 
and Chapanis (1976). 

Level of Sophistication of th,e Communicators 

• : ' • ' ■ ' ■/ ■ 

One of our experiments systematically varied the level of sophis- 
tication of t^iie^connnunicators' (Parrish, 1974). The findings show that: 

10- The greater the level of soph-ist-Lcat-ion of the GOTTmun-Loators, ' 
the more qiciskty they are able to solve prob'hems. 



32 



70 



60 



50 



CD 
CD 



40 



e 



30 



o 
<i> 



20 



10 



ReceivinQ Onlv 



SerrtffnQOnlv 



Waiting 



Parts 
Handling 



Receiving 
Search . 



Sending 
Search 



Searching 
Only 



Receiving Hondk 



Sending Only 



Receiving Only 



Parts 
Haiidlino 



Waiting 



Receiving 
Search 



Sending 
Search 



»^earching 
r Only 



Receiving 
Only 



Sending 
Search 



Parts 
Handling 



Sending 
Only . 



Searching 
Only 



Waiting 



Sending 
Search 



Waiting 



Parts 
Hondling 



Receiving 
Only 



Sending 
Only 



Searching 
Oniy 



Waiting 

Receiving 
Search 



Parts 
Handling 



Sending 
Search 



Receiving 
Only • 



Searching 
Only 



Sending 
Only 



Communication 
Rich 



Voice 



Handwriting 



Typewriting Typewriting . 
(Experienced (Inexperienced 
typists) typists) 



Communication - Modes 



ERIC 



Figzcpe 29. The data of Figia*e 7 are segmented he'X'e to show 'the 
amotmts of time subjects spent in each of IS different activities 
dza*i?ig. problem-solving sessions. (From Chapanis et al.^ 1972) 
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. Dat^suppomng this geiieraUratlon appear .in Figure 21. The teaas • 
here «ere iMde up bf various combinations o5 Ikgh school and colleee 
Sfu ents who served as seekers (SK) and sources^O). Colleg' e2s 

""""^ teams aloiest; Ji, ^ ^ 
were mixed. It was better. to have a college student as the source 
, , rather than as the seeker. 

* ■ ■ • ' ' ' ' 

' . . 'These findings can be explained by the greater facility colleee 
, students have in using language. In our problems, the s u e was ven 
the bulk of the libraryyiike, or stored inf on^ti^n. It was hi who ' 
■gave directions 01. instructions to the seeker about how to complete 
the problem at hand. This accounts for the faster performance of the 

• mixed teams which a college student served as source. 

' Even mor^ Interesting, perhaps, is the finding that: 

, 11. IntUse commication tasks, college students and hiqh 
school, students do about the same Hndsf^if things, a^ 

^n the same proportions. However, oolleje students do 
everything faster. . ' r ■ 

Data in support of this conclusion are given in Figure 22. The four 

• "^^rS ''''' ^'^^ - - --d°f rom 

.. Impersonality of the Commnicatiori Modes ' y ^' '. ^ . 

It has been claimed that teletypre or computer conferencing is 
more egalitarian and impersonal thai^^ace-to-face communi ^ ion We ' 

■ . -"-e for that c;aim S one of our experi^L s The 

findings of that experiment suggest. tJiat: ' , ' ' 

:. • 12: ■ Cormmicators in teletype modes of complication are much- ' 
^l^.'' ^^J^^k to sime equally in. the exa , 
■ . • . tMn are commicatots in face-J^aoe or voice only wdes 

■ of commication. - ■ ■ ; . 

■ "■ ■/ ■ ■ ■ , ' V- ■ ' ' 

vSablntt^Mfn "^^^'^^ 23.- The mean relative 
variability ,(MRV) is based "on a statistical measure called the co- 

. efficient of.variation, MRX =.CVvlOO§ . In essence', this measure 
- is an expression of the amount of variability (a) among the various 
« communicators in the numbers of messages they, exchanged, when that 
.variability has been compensated for the average number of messages 
,(M). Larger numbers indicate greater disparity fh the'numbers of ^ 
messages. produced by the several conmunicators. Smaller numbers in- • ' 
dicate that the several communicators shared more nearly equally-ln ' 
the production of messages. ■ ' . • 
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Figitre 21. • Times to solve problems by combinations of high school, 
and. college students. Segments of the bars show the amounts of time, 
spent t^ri) each of seven different activities. ■ (From Parrish^ 1974) 
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COM MU^N [CATION MODE 
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Figicpe 29." Mean relative voj^labitities amorig the'/manbe-rs ofmessagres 
produced by oonmoz^ in tJiree modeg. Ecxch barr.-is^ the average \ ■ \ 

of 54 data- points. d(Aa ajpe . averaged^] for tTrre^^ sizes of 'conference < 
groicp^^ each of which arrrnn^ed at sdlulyLcnrts^- pr obits' . 

on each of fhree successive 'days.- - (From. Krueger^ 1976) 



The figxire shows that commtmicators in tiie teletype mode produced 
much more ne;^ly ^ equal- numbers of. messages : than did communicators in 
either, of the voice mipdes^ Conversely, In the voice modesV some com- 
. muni ca tors tended to produce a disproportionately .large number of messages 
while' others tended to be less communicative than would be expected . ■ ' 
These data, incidmtally,. are averages for 2~person, 3~person, and ^ . . 
4-person conferences . .Since ' there was no significant interaction between 
size 'of. group and communication mode,— the data in Figure 23 hold for 
all three sizes of- grdup^ : . 

Linguistic Categories in -the Sevevai Modes of Corrmunication 

The striking differences in verbal output among the several modes' 
pfe conmnmication (Ref er^ to Figures 12,-13, 14, and 15, for example) have 
led us t<) examine iik)re closely the kind of language and words that are * 
used in - the^ various modes of communication. Here I /shall only give two; 
generalizations that seem t6 'emerge from our studies/; V. 

\- ::'i3.'j, TfeJTove riot heen able tot find any outstanding differences 
. ' t^djC the '- vcn>idicS:-ki7ids :of words people vse in^ the-^several 
• " < aormtunic(^tiohC'. . ^ • , '[^'.:\ ' 

Figure -24: ;shqwp the a^era^e- nimbers of lingtdLstic * . 
xategpries^based on aCii6>dification o!E the JFries (1952) classification 
-system. These data arid' those in Figure 12 are from the same experiment* 
About the onl^ thing one can conclude JErom Figure 24 is that the dif- 
ferences among the several modes revealed fcy total word counts appea'r " 
to hold for w6rds in every linguistic ^category.' Indeed, when the data * / 
of Figure 24 are converted to percentages .^(Figure 25) , the prevailing 
impression- one gets^ is that .thfere are no striking differences among the 
various kinda of words iii. the several modes 'of communication. . That 
impression is confirmed by apprbpiriate statistical' tests of the data.^ 

The foregoing notwithstanding, additional 'studies lead , us to . 
conclude that: * - 

- • • ■ ■ ■ , ^' '.v ■■ ■• ' ■ ■ , • • . ■ 

. ; ' U. . Oral ocmncniaation is^ highly > : 

■ nicatiqn' can he carried on effecti^^^ mdll^ 
: ■ ; \ : hcare fully selected set of words . ■ . 

Because' of the .nature of natural .language communications, . redundancy 
cannot be measur^ed in the ordinary mechanical ways that have been 
developed ftom Shannon's theory 'of information. However, using some 
plausible assumptions, we have been able to estimate that oral modes 
of commircilcat ion use ahput 12 tp 14 times as many words as are rie- 
ceisary arid/about 4 times as many' different \jOTds\siS are" necessary. 
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COMMUNlfcJ^tlON VOICE r ' EXP^RIEHCED INEXPERJENCEO^ 




Figure 2^. Average nianb'e^s 'of words in each of six linguistic 
categories by subjects in each of four modes of corrmmication. 
(From Stolt et ' al.\ 1976J , : ■ • 
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Figvre. 25. The data.zn Figure 24^'hccoe been here oonveTted to 
'percentages.^ (From Stall et at, ^ 1976) " ' ^' 
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One heartening thing for purposes of man-coinputer communication , is 
that people can carry out our communication tasks by using no more' 
than 30p^words (Kelly, 1976X andean do the^^asks just about as fast 
• arid about as effectively as < they can With no vocabulary restrictions* 
^ Let me assert at .once,, however, that this i§ a specially selected, 
subset o£ 300 w>rds. Not any set of , 300 will do. 

The Effect of Conference Size 

One ef our experiments (Krueger, 1976) systematically studied 

two, tjiree, and four pers'ons in three different communication mx)des: 

face-to-face, televoice, and teletjrpe^ One of the interesting findings 

of "that study is that , - 

.15. Verhat productivity^ as measi^red- by the number of messages 
' and of wordsj . increased regularly and, in almost identically ' 
' ' the same manner as the^ mmber of conferees increased. More-- 

over J the increase in verbal productivity was directly 
. related .to the nionber of conferees. 

Some of the da ta^ supporting that conclusion appear sS^n Figures 26 and 27 • 
Figure* 26 sho*s : the almost lirpar increase in number of words pro- 
duced by the group as. '.the number of conferees increased from .2 to 4. 
These data,, incidentally,, are averaged f or :ali three- modes , of :communi- 
cation, : However, xihen the -data are eaqpressed in words produced per 
person. (Pigure 27), the differences among the various sizes of group . dis- 
; appear. -Each addition of another conferee to the group resulted in a 
relatively . constant increase in t he num ber of messages (between 70 and 96) 
and words (between 825. and ^ 925) . ^ 

' . . These findings do not mean qiterall^ each person added to 

,a' conference group, produced the,.^verage numbers of words, or of messages j 
given above. The increase in^group verbal productivity as conference 
groups increase^in. size -may not be directly attributable to the addition 
of other speakers as to the addition "of other listeners. The group 
verbal output is.,.nbt shared equally by all persons in a group because'. ' 
: the relafive disparity among conferees .increases as the size of - the 
.conferience group increases. This- suggests 'that as conference groups /: 
increase in size, some people become more silent, and othe^^become more:* 
verbal • . ■ » . j^^^^^ • ■ / 



ies over Time 



Three experiments (Chapanis & Overbey, 1974; Kell^^ 1976; and 
Krueger, 1976) have tesred xonf erence groups- for as many as four suc- 
cessive days . Although some statistically -'significant effects Have 
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Figure 26. Mec^mmibers of /words produced by groiq>s of two,, three ^ 
cmd fozir person^ Hhese czre; djxta ccoeraged for conferences held - 
in JJtree communication mode's:' face^tor^face^ televdce, and tele- 
type. ' (From Kmegery 1976) 





Figio^e^ 27. The data irr Figicre 26 have hex'e.- been eoa^ressed as the 
• average nionbers of words produced per person in conference groups ^ 
of two ^ thpee.and four .peTsvns\ (From Kriieger^ .1976) • 



turned up in these, experiments, the.iiiost impressive thing about the 
^ findings of ^hese experiments is how few demonstrable changes in 'per- , 
f ormance liave occurred from day to day. It is not entirely clear * : 
why this is the case. One of the few, almost, universal generalizations ., 
to con^.out of psychologicai'^3?esearch is that performance changes over 
;'timey^. People learn and become more proficient, in almost anything ttey 
do. WIfy then are day-to-day changes so few in these experiments? 

' One reason may be that four days aare too few to show changes 
that are there to be found. As a practical matter, however, it is 
difficult to design experimepts of the kind that we have been doing, for 
period^ longer than four days. Once one of our problems has been solved 
by a conference groups' it cannot.be used again. We can test on suc- 
cessive days only by assigning a new task' each day.. To counterbalance- 
for differences among 'problems, the experimental designs >we have used . 
have generally been compjlex Greco-Latin desigiisZ, Although it is 
technically possible to design large experiments using Greco-Latin 
squares their administration becomes more and more complex as their 
size increases. - 

pother possible, explanation for the small ntimber of demonstrable 
effects we hdve found from day to day maybe that we are testing highly 
: over learned kinds of perfonnanca.. Communication in face-to-face meetings 
,or by talking, and perhaps even by . typing, may be suifli universal skills 
that there may be virtually, xtothing new to learn. If this is the case, 
the finding would have great -signiiEicance for the introduction of many 
telecommunication systems. ' . ': ' 

Still another possible explanation for the lack of demonstrable 
effects in day to day performance may be precisely because the problems 
we have, given our subjects have varied from day to day Xfor the reason 
given above )^ and that, has meant, in essence, that each new problem on 
each successive, day has meant a new learning situation. However, the, ^. 
experiment by Krueger "deliberately used three problems that were as . 
nearly alike as possible-so that any disturbing effects attrributable ; 
to the novelty of • the problem should thereby be minimized. Even in this 
case, very few significant effects turiied' up^on successive days of ... 
_^testing.'; ' " . - ' . ■■ ■ • 

Clearly, more work needs tp be done to clarify why we get sp; 
few changes over time, and whether " our findings are as v^id as they . 
appear to be. . . > > 

Scnne Gonctiidirig. 'Points ^ . ' ■ 



in conclizsion, two additional points are worth mentibningr about the 
several..experiments discussed in this report. 



- : statistical' the findings. Although 
statistical matters have not been explicitly discussed in this report. 
It goes without sa3ring that all of the effect^ summarized here are' 
significant by appropriate statistical .tests. More than that, however, 

effects are sufficiently, large to , be of practical ii^^ 
as well. I mean ^by that that many of the differences, we have found * 
^re sufficiently large in absolute magnitude to make. them. important for 
practical purposes. * ' . 

Intei^elationships among variables. Most of the effects discussed 
in this, paper have, been for so-called main effects, . that is, single 
independent variables with data averaged over a: number of other variables- 
However,., all of the experijiiental designs used in my research program 
complex: " r^domized groups designs involving two. or more crossed varilibles 
hierarchical designs, Latin-square designs, and^replicated Greco-Latin 
square designs. The. experimental designs we have used all yield data ' 
ov, interactions, or interrelationships among variables. With only three . 
exceptions (Figures 10, 15 and 18), I have chosen^ t.o ignore interactions 
in this report , not because none, have turned up, but rather because so 
few iii5)ortant interactions have- turned up involving communication modes. 
By and large, the effects attributable to communication modes are extremely 
roBust, . that is, the differences we have found among the various cbmmuni- - 
cation miodes appear to holdup for most problems we have, tested, for 
people of, diverse abilities, and for successive days of test. That may 
-very well be; one of, the. most significant findings of this program. r. 
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